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PLATOON: Premature Loss of bAby Teeth and its impact On 
Orthodontic Need - protocol 
Abstract:  
Objective: To investigate the impact of premature extraction of primary teeth (PEPT) on 
orthodontic treatment need in a cohort of children participating in the Born in Bradford (BiB) 
longitudinal birth cohort. 
Design: Observational, cross sectional cohort. 
Participants: We aim to recruit 1000 children, aged 7 to 11 years, 500 with a history of PEPT, 
and 500 matched non-PEPT controls.  
Methods: Following informed consent/assent orthodontic records will be collected, including 
extra and intra-oral photographs and alginate impressions for study models. Participants will 
also complete a measure of oral health-related quality of life (COHIP-SF 19). The records will 
be used to quantify space loss, identify other occlusal anomalies and assess orthodontic 
treatment need using the Index of Orthodontic Treatment Need. For each outcome, summary 
statistics will be calculated and the data for children with and without PEPT compared. The 
records of the children identified to be in need of orthodontic treatment will be examined by an 
expert orthodontic panel to judge if this treatment should be undertaken at the time of the 
records or delayed until the early permanent dentition. 
Collecting robust records in the mixed dentition provides the clinical basis to link each 
stage of the causal chain and enable the impact of PEPT on orthodontic need to be 
characterised. This study is the first to provide the foundations for future longitudinal data 
collection allowing the long-term impact of PEPT to be studied.  
 
Key words: premature extraction; premature loss; primary teeth; orthodontic need, IOTN, 
aetiology, malocclusion 
  
Introduction: 
Extraction of carious primary teeth is the most common reason for young children to 
have a general anaesthetic in England. In 2015/ 2016 over 45,000 children (NHS Digital 
2015-2016) underwent this procedure at an estimated cost of £50.5 million to the NHS 
(Public Health England 2017). In addition to the financial cost, these have a significant 
impact for children and their families with associated anxiety, reduced school 
attendance and post-operative morbidity (Rodd et al. 2014; Wong et al. 2015; Knapp et 
al. 2016). 
 
Professional bodies (Fayle et al. 2001; American Academy Of Paediatric Dentistry 
2014; American Academy of Pediatric Dentistry 2014; Faculty of Dental Surgery 2015) 
urge clinicians to restore primary teeth where feasible, to maintain the space for the 
permanent dentition and thereby reduce malocclusion and the potential future need for 
orthodontic treatment. A systematic review by Bhujel et al (2016) examined the impact 
of premature extraction of primary teeth with orthodontic treatment need in the 
permanent dentition. Bhujel et al (2016) found six short-term studies, (Clinch and Healy 
1959; RonneUPDQ/HLJKWRQ.DXHWDO6D\ÕQDQG
Türkkahraman 2006) which examined the impact of premature extraction of primary 
teeth (PEPT) in the mixed dentition, with each study identifying space loss as a sequela.  
One longitudinal case-control study was identified, (Hoffding and Kisling 1978) which 
reported a 10% increase in the frequency of at least one feature of malocclusion in 
children with a history of PEPT, compared to children with no history of PEPT (non-
PEPT). None of the previous studies used a validated index to measure orthodontic 
treatment need and thus quantify the impact of PEPT.  
 
 
Tooth loss has been shown to have a negative impact on Oral Health Related Quality of 
Life (OHRQoL) in the permanent dentition (Gerritsen et al. 2010). However the impact 
of PEPT on the quality of life of children has received very little attention. Monte-Santo 
et al. (2018) recently published their study, which used the χηιλδ ΟΗΡΘοΛ το 
ινϖεστιγατε τηε ιmπαχτ οφ υντρεατεδ χαριεσ ανδ ΠΕΠΤ ον α Βραζιλιαν χοηορτ οφ 667 
χηιλδρεν αγεδ 8−9 ψεαρσ ολδ. Χηιλδρεν ωιτη ΠΕΠΤ πρεσεντεδ ωιτη σιγνιφιχαντλψ γρεατερ 
ΟΗΡΘοΛ σχορεσ εσπεχιαλλψ ιν τηε δοmαινσ οφ οραλ σψmπτοmσ, φυνχτιοναλ λιmιτατιον ανδ 
εmοτιοναλ ωελλ βεινγ.  
 
The aetiology of malocclusion is complex involving both genetic and environmental 
factors. To date, the literature to support and characterise the contribution of PEPT to 
malocclusion is very limited. Robust longitudinal studies are required, which include 
data collection in both the mixed and permanent dentitions.  
 
In Bradford, approximately 800 children a year undergo extraction of primary teeth 
under general anaesthetic with each child having an average of eight primary teeth 
extracted (Bradford District Care NHS Foundation Trust 2015). There is substantial 
heterogeneity in the number of teeth extracted, thereby providing a natural experiment 
in which to explore the impact of PEPT, as well as the contribution of the number and 
the type of primary teeth extracted. An earlier retrospective study in Bradford showed 
association between the number of teeth extracted and orthodontic need; however, the 
study design and small numbers (116 children with 66 having a history of PEPT) 
limited the external validity of the findings (Bhujel et al. 2014). 
 
The Born in Bradford birth cohort (BiB) offers a unique chance to examine the impact 
of PEPT on the development of malocclusion and subsequent orthodontic treatment 
need. BiB is a population-based, longitudinal, prospective study (Wright et al. 2012) 
developed to provide evidence about the causes of health and disease, by following the 
lives of 13,858 children born between 2007 and 2011.  
 
This paper describes the protocol for a study that will explore the effect that PEPT has 
on malocclusion and subsequent orthodontic need. This study will improve on previous 
study designs by collecting robust records of space loss and occlusal anomalies in the 
mixed dentition and providing the clinical basis to link each stage of the causal chain 
and enable the impact of PEPT on orthodontic need to be characterised. It will also 
provide the base for further longitudinal data collection to examine the effects of PEPT 
in the permanent dentition.  
 
  
Aim: To investigate the impact of premature extraction of primary teeth (PEPT) on 
orthodontic treatment need. 
 
Objectives 
To compare a group of children aged 7 to 11 years, who have undergone premature 
extraction of primary teeth (PEPT) with a similar cohort of children who have not 
undergone premature extraction of primary teeth (non-PEPT) in regard to: 
-The effect on space loss and other occlusal anomalies; 
 
-The proportion of children judged to need orthodontic treatment;  
 
-The timing of future orthodontic treatment.  Children deemed to need orthodontic 
treatment will be categorised into those who require treatment in either the mixed 
dentition or in the early permanent dentition. This will be judged by a panel of specialist 
orthodontists.  
 
-To explore the impact of PEPT on children¶s Oral Health Related Quality of Life. 
 
 
 
Methods 
 
Design: This stage of the study is an observational, cross sectional design involving a 
sample from the Born in Bradford (BiB) longitudinal birth cohort. The study will 
provide baseline data for a prospective, longitudinal cohort study. During development 
of the project representatives from BiB parents group met the research team to discuss 
the project design, child and parent information sheets and recruitment strategy. This 
feedback was extremely valuable and informed adaptions to the project methodology. 
 Study Population: The Born in Bradford birth cohort (BiB): A total of 13,858 children 
were recruited to the BiB cohort over a five-year period, 11,711 of whom are known 
currently to be attending primary schools in Bradford. The cohort is predominantly from 
a multi-ethnic origin with 45% Pakistani, 39% White British and 15% from other ethnic 
groups. Following ethics and appropriate research permissions, we will recruit at least 
500 BiB children aged 7-11 years old who have undergone dental extractions. An on-
going dental data linkage feasibility study, funded by the Wellcome Institutional 
Strategic Support fund, has identified BiB children who have received extraction of 
primary teeth under general anaesthesia. To date, this study has recruited 1,139 BiB 
children and identified information such as age at the time of the operation, number and 
type of teeth extracted.   
 
An equal number of BiB children (at least 500) with no history of dental extractions will 
be recruited for a non-PEPT control group. To ensure control group children have not 
undergone PEPT with local anaesthetic, parents and children will be asked about any 
previous extractions. The control group will be matched for academic year group and 
where possible by the school they attend.  
 
Outcomes:  
Primary outcome:  
- To quantify the proportion of children who are assessed as having a need for 
orthodontic treatment 
 
Secondary outcomes:  
- Space loss and occlusal anomalies in the mixed dentition 
- To assess the proportions who would be treated in the mixed dentition or in the 
early permanent dentition 
- To explore the impact of PEPT on children¶s Oral Health Related Quality of 
Life. 
 
Power calculation: The primary outcome is a binary outcome of Need/No Need for 
orthodontic treatment using the current NHS threshold Index of Orthodontic Treatment 
Needs (IOTN) score of 4 or 5 in the Dental Health Component (DHC) or 3 (DHC with a 
score of 6-10 in the Aesthetic Component (AC) (Brook P 1989). Based on this we have 
used the raw data from the 2008 Dental Epidemiology Survey for Bradford to evaluate 
statistical power.  A sample size of 1000 subjects (of which 50% are PEPT cases) could 
achieve at least 81% of power at a 5% significance level to detect a difference of 10% in 
the orthodontic treatment need (see Table 1).  
Recruitment: Identification of potential participants in both groups will be 
undertaken by the BiB research team. Lists of children taking part in the BiB 
cohort, the school they attend and their contact details will be collated. These 
details will only be available to the BiB research team and the Clinical Research 
Network (CRN) team who will initially send out recruitment letters.  Invitation 
letters will be sent to family addresses alongside information sheets. To enhance 
the understanding of the data collection process for children and their families, 
and to reduce anxiety about unfamiliar procedures, an information video has been 
produced (https://www.youtube.com/watch?v=eY9LAwunaBY). This explains 
the purpose of the research and shows how the examination, impressions and 
photographs will be collected. The video aims to provide an alternative format of 
information for those with low literacy or English as a second language and 
enhance the consent process.  The use of an information video is relatively novel 
in dental research recruitment and the research team plan to evaluate the efficacy 
of this tool. Evaluation will be undertaken through questions embedded into the 
YouTube video and a questionnaire (Figure 1 & 2) during the recruitment process. 
The questionnaire aims to evaluate the number of potential participants watching 
the video, whether it encouraged their participation and whether it alleviated any 
anxieties about taking part. 
 
Consent: 
,QIRUPHGFRQVHQWZLOOEHFROOHFWHGIURP%L%FKLOGUHQ¶VSDUHQWVRUOHJDOJXDUGLDQVThe 
CRN staff or member of the BiB team who collect the consent are all trained in Good 
Clinical Practice and highly skilled in collecting informed consent. Verbal assent will be 
gained from the children prior to data collection.  
 
Setting: Data collection will be undertaken in primary schools in Bradford. A 
designated private area away from the normal classroom will be used for the dental 
assessment.  Requests to visit schools will be made in advance and the number of visits 
will be kept as low as possible to minimise disruption.  
 
Data collection:  Overarching protocols from the National Child Dental Health Survey, 
which is conducted in a school setting, will be followed (HSCIC 2015).  The research 
team (1x dentist or dental therapist, 1x dental nurse) will complete a dental examination. 
This will allow intraoral photographs to be validated and correct inter-digitation of 
study models. The number of teeth present as well as obvious dental findings e.g. 
cavitated dental caries and molar incisor hypo-mineralisation will also be recorded.   
 
The team will take standardised intra and extra-oral orthodontic photographs.  Alginate 
impressions will be taken and scanned to facilitate the production of digital study 
models, with the articulation validated by intraoral photographs. Children will be asked 
to complete the Child Oral Health Impact Profile±Short Form 19 (COHIP-SF 19) 
questionnaire (Broder et al. 2012).  
 
Training of examiners: The research team will undertake bespoke training in 
orthodontic photography and impression taking. During the early stages of data 
collection an orthodontist will accompany the research team to ensure consistency in 
record taking. 
Ethical considerations: Full ethical approval via the Health Research Authority 
and an NHS Research Ethics Committee will be sought.  Data will be hosted in 
the BiB data warehouse at Bradford Teaching Hospitals NHS Foundation Trust 
and managed in accordance with well-established BiB data access and security 
protocols. Consultation with the Health Research Authority ensured that patient 
information sheets complied with the new General Data Protection Regulation 
(GDPR) guidance (Local Government Association 2018) introduced in May 2018. 
Children will provide verbal assent to data collection and will be informed that 
they can stop at any point if they wish. Dental staff collecting records will receive 
tailored training. Safeguarding principles will be followed and children with 
extensive untreated caries or signs of dental infection will be highlighted with a 
letter sent to their parents.  
 
Analysis 
Statistical Methods 
The exposure, premature extraction of primary teeth (PEPT) or no premature 
extractions (non-PEPT) will be captured as a single event. Confounders in the two 
groups will be identified within a directed acyclic graph, and appropriate minimally 
sufficient adjustment sets of confounders will be accommodated in all subsequent 
analyses (Greenland et al. 1999), allowing appropriate causal inferences to be made.   
 
Analysis of Secondary Outcomes 
To characterise space loss and occlusal anomalies in the mixed dentition 
For each child, the following information will be recorded from the clinical photographs 
and digital study models: molar and incisor relationship, overjet, overbite, crossbites, 
skeletal pattern and the degree of crowding or spacing.  From the study models further 
measurements will be calculated for each arch and will include: arch perimeter and 
hemi-perimeter, arch length, arch width and E and D space as defined by Northway 
(Northway and Wainright 1980).  
 
This analysis will be required in order to allow the primary outcome to be evaluated.  
For each measurement, an appropriate summary statistic will be calculated for children 
in the PEPT and non-PEPT groups. The groups will be compared either descriptively or 
through appropriate statistical test to detect any differences.  
 
Analysis of the Primary Outcome  
To quantify the proportion of children who are assessed as having a need for 
orthodontic treatment 
Using the study models and photographs (but with no access to radiographs) each 
FKLOG¶VUHFRUGVZLOOEHDVVHVVHGby the research team following appropriate training, 
using the IOTN Dental Health Component.  
 
Orthodontic indices, including the Index of Orthodontic Treatment Need (IOTN), the 
Index of Complexity, Outcome and Need (ICON) and the Dental Aesthetic Index 
(DAI), have been used in the mixed dentition to measure prevalence of malocclusion 
and estimate orthodontic treatment need (Tausche et al. 2004; Mohamed et al. 2014; 
Rauten et al. 2016) and to assess changes in occlusal features and treatment need over 
time (Lagana et al. 2013; Boronat-Catala et al. 2016).  The IOTN was more stable than 
other indices for estimating treatment need across different age groups (Tarvit and Freer 
1998; Baubiniene et al. 2009; Costa et al. 2011; Boronat-Catala et al. 2016) and while 
not developed specifically to predict future treatment need, IOTN may be used as a 
guide to estimate this. To date, no studies have observed a single group of participants 
longitudinally to quantify the predictive ability of any index in the mixed dentition. 
After discussion within the research team IOTN was judged to be the most appropriate 
objective measure of orthodontic need that is currently available. 
 
Analysis of Secondary Outcomes 
To assess the proportions who would be treated in the mixed dentition or in the 
early permanent dentition 
An expert panel of three specialist orthodontists will independently examine the clinical 
photographs and digital study models for those children who have an orthodontic 
treatment need according to IOTN DHC or are deemed by the expert panel to require 
interceptive orthodontic treatment. A decision will be made as to whether they would 
recommend orthodontic treatment to be undertaken at the time that the records were 
taken (e.g. in the mixed dentition) or to wait and treat in the early permanent dentition. 
A standardised data collection form will provide a systematic and objective format for 
evaluating records and determining the timing of any orthodontic need. Disagreements 
will be resolved through discussion.  
 
To explore the impact of PEPT on children¶V Oral Health Related Quality of Life 
6HYHUDOPHDVXUHVDUHDYDLODEOHWRDVVHVV&KLOGUHQ¶V2UDO+HDOWK5HODWHG4XDOLW\RI/LIH 
including Child Perceptions Questionnaire (CPQ), the Child Oral Impacts on Daily 
Performances (C-OIDP), and the Child Oral Health Impact Profile (COHIP (Broder et 
al. 2012; Gilchrist et al. 2014). Each self-reported measure has been validated and has 
been shown to discriminate between groups. Certain measures have been adapted for 
specific age groups (Humphris et al. 2005; Gilchrist et al. 2014).  
 
 
Τηε Χηιλδ Οραλ Ηεαλτη Ιmπαχτ Προφιλε−Ρεδυχεδ Θυεστιονναιρε (ΧΟΗΙΠ−ΣΦ 19) (Βροδερ 
ετ αλ. 2012) ZLOOEHXVHGWRDVVHVVDQ\LPSDFW3(37KDVRQFKLOGUHQ¶VRUDOKHDOWKUHODWHG
θυαλιτψ οφ λιφε. Αλτηουγη ΧΠΘ 8−10 (Ηυmπηρισ ετ αλ. 2005) ωασ υσεδ το mεασυρε 
FKLOGUHQ¶V2+54R/LQSUHYLRXV3(37VWXGLHV(Μοντε−Σαντο ετ αλ. 2018), ΧΟΗΙΠ−ΣΦ 19 
ωασ φελτ το βε mοστ αππροπριατε φορ τηισ στυδψ φορ σεϖεραλ ρεασονσ. Τηισ τοολ ηασ βεεν 
ϖαλιδατεδ φορ υσε ιν χηιλδρεν αγεδ 7−15 ψεαρσ ολδ (Βροδερ ετ αλ. 2012; Γιλχηριστ ετ αλ. 
2014). Τηισ ισ χρυχιαλ το αλλοω τηε χοντινυουσ υσε οφ τηισ ΟΗΡΘοΛ mεασυρεmεντ τοολ ιν 
τηε πλαννεδ λονγιτυδιναλ δατα χολλεχτιον οφ τηισ χοηορτ. The COHIP-SF 19 is also short 
to complete thus allowing ease of use and reducing the impact on participants during 
data collection. 
 
Τηε ρεσυλτσ οφ τηε ΧΟΗΙΠ−ΣΦ 19 ωιλλ βε χοmπυτεδ βψ συmmινγ τηε ϖαλυεσ οφ εαχη 
θυεστιον. Τηε τοταλ σχορε ωιλλ ρανγε φροm 0 το 76. Τηε διστριβυτιον οφ τηε τοταλ σχορε ωιλλ 
βε ασσεσσεδ. Ιφ νορmαλλψ διστριβυτεδ, τηε τοταλ ΧΟΗΙΠ−ΣΦ 19 σχορε ωιλλ βε χοmπαρεδ 
βετωεεν ΠΕΠΤ ανδ νον−ΠΕΠΤ γρουπσ υσινγ τωο−σιδεδ τωο−σαmπλε τ−τεστ; οτηερωισε 
νονπαραmετριχ Μανν−Wηιτνεψ Υ τεστ ωιλλ βε υσεδ. Γενεραλιζεδ λινεαρ mοδελ ωιλλ βε 
υσεδ το ασσεσσ τηε διφφερενχε ιν οραλ ηεαλτη ρελατεδ θυαλιτψ οφ λιφε βετωεεν ΠΕΠΤ ανδ 
νον−ΠΕΠΤ γρουπσ αδϕυστινγ φορ οτηερ εξπλανατορψ ϖαριαβλεσ (ε.γ. πρεσενχε οφ δεχαψεδ 
τεετη).  If statistical significance is found for PEPT then the significance of different 
sub-domains will be explored.    
Discussion: 
Multiple factors affect the development of malocclusions and subsequent orthodontic 
need. There is also no accepted single measure of malocclusion. As such, designing a 
study to evaluate the effect that PEPT has on the developing occlusion is challenging. A 
multi-disciplinary approach has been required to overcome these challenges to develop 
a robust research methodology to answer the research questions.    
Embedding a dental study within an existing longitudinal birth cohort provides both 
exciting opportunities and logistical challenges. A strong relationship with the BiB 
research team has been crucial in developing the protocol, which is considerate of wider 
research projects, participant burden and goodwill of local primary schools. Ultimately 
the study is only possible as a result of the research funding and infrastructure 
established for other studies involving the cohort.  
The research team aim to utilise the opportunities of working within a longitudinal birth 
cohort. An additional aim to the study is to provide the foundation for future 
longitudinal data collection, when children are in the permanent dentition. Future data 
collection will allow the accuracy of the IOTN prediction analysis to be examined and 
enable the effects of PEPT to be studied. The impact of PEPT on current and future 
orthodontic need will also be characterised. A decision tree, based on the predicted care 
pathways, will be constructed and this will allow the costs associated with different 
clinical outcomes (need or no need for orthodontic treatment) to be estimated.  
 
Dissemination of the study findings will aim to engage all important stakeholders 
including 1) Participants, their families and the wider BiB community; 2) Dental 
professionals; 3) Commissioners and policy-makers involved in FKLOGUHQ¶VGHQWDO
services. BiB representatives will inform the approach for public-facing dissemination 
and innovative methods to share research findings will be explored in collaboration with 
University of Leeds School of Dentistry public engagement champions. Professional 
dissemination will include publication in peer-reviewed journals, presentation at 
relevant international conferences and sharing of the key findings through appropriate 
social media channels. 
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